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The open-label clinical trial of hydroxychloroquine in
French patients diagnosed with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has received extraordinary attention amid the COVID-19 crisis [1].
Gautret et al. reported a significant decrease in viral load
amongst hydroxychloroquine patients when compared
with control patients as early as day 3 post-inclusion. In
addition, they describe a synergistic effect in a subset of
patients who received hydroxychloroquine with adjunctive
azithromycin. The article concluded with a “recommendation that COVID-19 patients be treated with this combination to cure the infection and limit the transmission of
the virus” [1]. We commend the authors for acknowledging certain limitations of the trial and for their approach
in rapidly disseminating their preliminary data. However,
now more than ever, it is paramount to exercise rigour and
caution in reporting studies related to the COVID-19 pandemic. In this paper, we highlight a number of issues in the
study’s design and methods and a re-analysis that does not
agree with the results of Gautret et al.
Given the initiation of the study during the current pandemic, some limitations are understandable, such as nonrandomised allocation of participants to the control and
treatment arms. However, one important consideration is
that the treatment groups are approaching a significant
difference in age (mean age 51.2 years vs 37.3 years in
the control group, p = 0.06), which is not discussed or
controlled for. Gautret et al. noted that they omitted patients’ clinical outcomes in this small-scale study, in order
to rapidly disseminate their preliminary findings, and will
discuss this in a follow-up study at the end of the trial. We
look forward to reading these details in their future paper.
The study’s design limits its capacity to discern any synergistic effects of concurrent hydroxychloroquineazithromycin therapy on the SARS-CoV-2 disease course.
Only a small subset of patients (n = 6) received hydroxychloroquine with adjunctive azithromycin to treat SARSCoV-2-related respiratory tract infections (RTIs). Of note,
the clinical criteria for the administration of azithromycin
in addition to hydroxychloroquine were vague, suggesting
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the antibiotic was given to prevent bacterial superinfection
in this subset of patients. The lack of an azithromycinonly treatment arm precludes the ability to rule out
azithromycin as exclusively responsible for the viral clearance observed. Furthermore, it is unclear whether these patients had pre-existing signs of a pneumonia superinfection, which could confound the patient’s viral clearance
results. Therefore, the authors’ observations regarding the
combination therapy are too preliminary to recommend
systematic administration of both drugs concomitantly,
particularly taking into account previously reported significant risks of interaction, including QT prolongation [2]. In
addition, this patient group can neither be compared with
nor collapsed within the hydroxychloroquine-treated patients to support hydroxychloroquine efficacy compared to
controls.
An analysis of the methods also raises concerns regarding
the study conclusions. Control patients were designated as
those who refused treatment or patients from other centres who received supportive care only, many of whom did
not have daily sampling to test for viral load. Throughout the study, the authors report an unusually high number
of false negatives in their diagnostic tests. This may be
due to the study’s lower ceiling for real-time qualitative
polymerase chain reaction (RT-qPCR) cycle threshold: 35,
rather than >40 as recommended by the protocols of the
Laboratory Corporation of America, the US Centers for
Disease Control and Prevention and the World Health Organization [3–5]. Further, we note the omission of several
important details from the methods section. The authors
failed to include primer sequences that were used to detect
the virus by RT-qPCR. It has been observed that some
primers made for clinical detection of SARS-CoV-2 form
hairpin loops, secondary structures that can interfere with
efficient detection of the virus [6, 7]. Additionally, it is unclear whether the viral load at treatment initiation or on
days following was at comparable levels in the treatment
and control groups. The methods included mention of electron microscopy for viral validation; however, no images
were included in the article. The data analysis included
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proportion comparisons using chi-square and Fisher’s exact tests, which were not adjusted for age or patient presentation (asymptomatic, upper RTI, lower RTI). Finally, the
authors did not comment on why more elaborate multivariate methods were not employed.
The most striking observation was the authors’ inconsistent exclusion and inclusion of treatment- and controlgroup subjects, respectively. The authors excluded a total
of 6 patients from the hydroxychloroquine treatment group
because of loss to follow-up, more specifically because of
death (n = 1), intensive care unit (ICU) transfer (n = 3),
adverse effects of treatment (n = 1) and early recovery (n
= 1). Notably, the authors did not choose to exclude a hydroxychloroquine-treated patient for whom data are missing for days 5 and 6 of treatment (Gautret et al. supplementary table 1). It is also of interest that ICU transfer and
patient fatality occurred exclusively in the hydroxychloroquine-treated group in this study, further emphasising the
importance of additional safety and efficacy studies of hydroxychloroquine monotherapy in SARS-CoV-2 patients.
With respect to control patients, none were designated as
“lost to follow-up”. Examination of the authors’ supplementary table 1 illustrates that diagnostic test results are
missing on multiple days for nine control patients. The authors note that control patients did not undergo daily sampling, but were sampled every other day in most cases,
and were considered positive for PCR when actually positive the day(s) before and the day(s) after the day(s) with
missing data. However, a total of five control patients had
no data on day 6 of the study, two of whom also did not
have test values on day 5 either. Given the high incidence
of false negative PCR readings throughout the study, the
authors’ inference of virological status based on previous
days’ results is inadmissible.
To address the implications of this oversight, we reanalysed the control and hydroxychloroquine-treated patient data from Gautret et al. table 3, excluding the missing
datasets noted above (see table S1 in appendix 1). There
were no significant differences between the virological

clearance rates of control and hydroxychloroquine-treated
patients on treatment days 3, 4, 5, or 6 (fig. 1A, table S1).
This is in stark contrast to the analysis of Gautret et al,
analysis, which reported significant differences between
the groups starting as early as day 3 and persisting until day
6.
Another more standard way of evaluating the aforementioned patient data would be an intention-to-treat analysis,
which generally accepts missing values and non-completion of treatment. We therefore performed a second revised
analysis from data in Gautret et al. table 3, where we
reintroduced the data from patients whom the authors described as lost to follow-up. This second analysis also
failed to reveal significant differences in virological cure
rates between control and hydroxychloroquine-treated patients on treatment days 3, 4, 5, or 6 (fig. 1B, table S2 in
appendix 1).
As of April 7th, the burden of SARS-CoV-2 infections has
exceeded 1.2 million cases and 72,000 deaths worldwide
[8], highlighting the critical need for safe and efficacious
therapies. Previous studies have explored the efficacy of
hydroxychloroquine on SARS-CoV2 in vitro [9–11]; however, the study by Gautret and colleagues was the first to
examine hydroxychloroquine treatment in patients. A recently published systematic review of published studies
[12] and a review paper describing ongoing clinical trials
[13] detail many groups that are examining hydroxychloroquine as treatment against SARS-CoV-2. A more recent
randomised controlled trial of 30 patients was conducted
in Shanghai to assess the efficacy of hydroxychloroquine
in these patients. They observed no significant differences
between control (n = 15) and hydroxychloroquine-treated
(n = 15) patients across several outcome measures including viral load on day 7, median time to negative viral load,
median time to body temperature normalisation and radiological progression [14].
The global public considers hydroxychloroquine a glimmer of hope for treating SARS-CoV-2. This undoubtedly
warrants open sourcing of data, as well as greater rigour

Figure 1: Gautret et al. [1] differences in PCR testing results between patient-groups are not significant when excluding missing patient data
or using an intention-to-treat model for data analysis. (A) Percentage of patients with PCR-positive nasopharyngeal samples from day 3 to day
6 post-inclusion from control and hydroxychloroquine-treated groups, exclusive of all missing datasets. Multiple Fisher’s exact tests revealed
no significant differences between the groups on any of the analysed treatment days. (B) Percentage of patients with PCR-positive nasopharyngeal samples from day 3 to day 6 post-inclusion from control and hydroxychloroquine-treated groups, inclusive of all patients using an intention-to-treat design. Multiple Fisher’s exact tests revealed no significant differences between the groups on any of the analysed treatment
days. All statistical analysis was performed using Prism 8 software.
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and closer scrutiny of any current trials to ensure its safe
and efficient transition into clinical care for SARS-CoV-2
patients. In our re-analyses, hydroxychloroquine-treated
groups approached significantly increased cure rates on
day 6, demonstrating promising pilot data. We conclude
that hydroxychloroquine has not yet demonstrated significant effects on decreasing viral load of SARS-CoV-2. Additional trials with larger sample sizes and more consistent
analysis of patient data are needed for bona fide evaluation
of hydroxychloroquine to treat SARS-CoV-2.
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Supplementary material

Appendix 1

Extended statistical analysis of data from Gautret et al. [1].
Table S1: Proportion of patients with virological cure in SARS-CoV-2 patients exclusive of all missing datasets.
Day 3 post-inclusion

Day 4 post-inclusion

Negative/total
patients

%

p-value

Negative/total
patients

%

p-value

Control patients

1/6

16.7

0.6215

4/12

33.3

0.4283

Hydroxychloroquine treatment only

5/14

35.7

7/13

53.8

Day 5 post-inclusion
Negative/total
patients

%

p-value

3/9

33.3

0.6740

6/13

46.2

Day 6 post-inclusion
Negative/total
patients

%

p-value

2/11

18.2

0.1049

7/13

53.8

Fisher’s exact tests were used to calculate p-values in Prism 8.
Table S2: Proportion of patients with virological cure in SARS-CoV-2 patients inclusive of all study participants (intention-to-treat design).
Day 3 post-inclusion

Day 4 post-inclusion

Day 5 post-inclusion

Day 6 post-inclusion

Negative/total
patients

%

p-value

Negative/total
patients

%

p-value

Negative/total
patients

%

p-value

Negative/total
patients

%

p-value

Control patients

1/16

6.25

0.1041

4/16

25

0.4815

3/16

18.75

0.2767

2/16

12.5

0.0671

Hydroxychloroquine treatment only

6/20

30

8/20

40

8/20

40

9/20

45

Fisher’s exact tests were used to calculate p- values in Prism 8
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